Egg white lysozyme was found to catalyze the transfer of N-acetylglucosamine
A cyclic tetrasaccharide, cyclo{ª6)-a-D-Glcp-(1ª3)-a-D-Glcp-(1ª6)-a-D-Glcp-(1ª3)-a-D-Glcp-(1ª}, (abbreviated as CTS) has a unique structure consisting of four glucose residues joined by alternate a-1,3 and a-1,6 linkages. C âot áe et al.ˆrst reported that CTS was produced from a dextran-like polysaccharide, alternan, by its degradation enzyme. 1, 2) Recently, we found a new enzymatic system to synthesize this saccharide from maltodextrins by a joint reaction of two glycosyltransferases, 1,6-aglucosyltransferase and 1,3-a-isomaltosyltransferase. 3) We succeeded in the mass production of CTS from starch in a high yield using both enzymes. 4, 5) CTS has a tolerance to the hydrolysis activity of glycosidases such as amylases or a-glucosidases, therefore this saccharide is expected to function as a low-calorie sweetener. Crystal structure analysis has shown that CTS has a shallow cavity in the center of its cyclic structure, 6) suggesting a possible ability to bind small molecules. These properties of CTS open potentialities for further applications, e.g. a carrier in drug delivery systems or a material for a‹nity chromatography.
N-actetylglucosamine (GlcNAc) is one of the key saccharides of sugar chains occurring in glycoproteins. In many glycoproteins, GlcNAc located at the reducing end of the sugar chain is linked to an amino acid residue, such as asparagine, serine, or threonine, of the protein by N-or O-linkage. Recently many researchers attempted reconstruction of the sugar chains by glycosyltransferring to GlcNAc. [7] [8] [9] We tried to produce the GlcNAc-conjugating CTS with the view of providing a model compound of glycoproteins. In this work we report an enzymatic synthesis of N-acetylglucosaminyl CTS using egg white lysozyme.
CTS (99.9z-purity) was prepared as described previously.
4) N-acetylchitotetrasaccharide (GlcNAc 4 , 95z) and egg white lysozyme was purchased from Seikagaku Corporation. (Tokyo, Japan). An Nacetylchitooligosaccharide mixture (GlcNAcn) containing GlcNAc (45z) and its di-to hexamer (55z in total) was provided by Yaidzu Suisan Industries Co., Ltd (Shizuoka, Japan). A reaction mixture containing 100 mg of CTS, 10 mg of GlcNAc4, and 7.5×10 5 units of lysozyme in 0.25 ml of 10 mM sodium acetate buŠer (pH 4.5) was incubated at 609 C for 9 days. The reaction was stopped by heating the mixture in a boiling water bath for 10 min, and was then centrifuged for 10 min at 10,000×g to remove insoluble materials. When saccharides in the resultant supernatant were analyzed by HPLC, one peak other than GlcNAc and CTS was detected around the retention time of 33 min, as shown in Fig. 1 .
The peak (saccharide A) was presumed to be a transfer product in consequence of transferring the GlcNAc residue to CTS by lysozyme. The analytical yield of saccharide A was 9.0z of the total sugar.
To prepare saccharide A on a gramscale, a reaction mixture containing 20 g of CTS, 10 g of GlcNAcn, and 1.5×10 8 units of lysozyme in 45 ml of 10 mM sodium acetate buŠer (pH 4.5) was incubated at 609 C for 9 days. Saccharide A was formed in a yield of 7.4z. After the enzyme reaction was stopped by heating, the mixture was centrifuged, and then the resultant supernatant was desalted by passing it through ion-exchange resins, Diaion SK-1B (100 ml, Mitsubishi Chemicals, Tokyo, Japan), WA30 (200 ml, Mitsubishi Chemicals), and IRA-411S The reaction mixtures of lysozyme (7.5×10 5 U), 10 mg GlcNAc 4 , and 100 mg CTS in 10 mM sodium acetate buŠer (pH 4.5) were incubated for 9 days at 609 C. HPLC conditions: Column, ODS-AQ AQ-303 (4.6 mm i.d.×250 mm; YMC Co., Ltd.); column temperature, 409 C; mobile phase, water; ‰ow rate, 0.5 ml W min. NMR spectra data were recorded for solutions in D2O at 279 C. The chemical shifts were expressed in ppm downˆeld from the signal of 3-(trimethylsilyl)-1-propane-sulfonic acid sodium salt (TPS), which was used as an internal standard.
a Alphabetical letters indicate the positions of the glucose residues in the saccharide A shown in Fig. 2 . b,c,d Possibly interchangeable.
(100 ml, Mitsubishi Chemicals). The eluent was concentrated to 60 ml by evaporation at 409 C. A 9 ml portion of the saccharide solution was put through a repeated preparative HPLC on an ODS-AQ R-355-15-AQ column (50×500 mm, YMC, Kyoto, Japan). Saccharide A was well separated from GlcNAc and CTS by eluting with water as a solvent at a ‰ow rate of 30 ml W min at 359 C. The fractions containing saccharide A were gathered, evaporated at 409 C, and lyophilized to give a white powder of saccharide A (1.1 g). Saccharide A ([a] D 20 ＋383) was found to be homogeneous by HPLC (ODS-AQ AQ-303, 4.6×250 mm, YMC).
Saccharide A had negligible reducing power by the Somogyi-Nelson method. 10, 11) b-N-acetylhexosaminidase (EC 3.2.1.52, Takara, Kyoto, Japan) hydrolyzed saccharide A to produce CTS and GlcNAc in a molar ratio of 1:1. The molecular mass of saccharide A was found to be 851 by measuring the [M＋Na] ＋ ion (m W z 874) by FAB-MS (ZAB-HF, VG analytical, Altrinchem, UK). This value was identical to that of CTS linked to one GlcNAc residue. To conˆrm this structure, NMR spectroscopy measurements were done using a JNM-AL300 spectrometer (JEOL, Tokyo, Japan). As listed in Table1, all carbon resonances in the spectrum were assigned on the basis of comparison with reference data for CTS 1) and using (Fig. 2) .
It is known that lysozyme catalyzes not only the hydrolysis reaction of b-(1ª4)-N-acetylglucosaminyl linkages but also the transfer reaction of the Nacetylglucosamine residue.
13) When they used pnitrophenyl a-maltoside as an acceptor of the transfer reaction, Matahira et al. obtained two products bound to a b-GlcNAc residue: 3-and 4-O of the nonreducing glucose residue of the acceptor. 14) Hamayasu et al. attempted to transfer GlcNAc to cyclodextrins (CDs) and their branched derivatives. 15) The GlcNAc-transfer products generated from glucosyl-CDs and maltosyl-CDs but not from the intact CDs. From the result of the structural analysis of the GlcNAc-linked maltosyl-b-CD, the position of the GlcNAc-transfer was identiˆed as be 3-O of the non-reducing glucose residue of the branched part. In this study, we found out that lysozyme transferred GlcNAc directly to the ring glucose residue of CTS. Structural analysis revealed that the GlcNAc residue was linked to 3-O of the a-(1ª6)-glycosylated glucose residue of CTS. The crystal structure of CTS showed that the 3-OH group of the residue was exposed to the solvent space, 6) so it seems that the group as the acceptor is accessible to the active center of lysozyme. Thus we succeeded in enzymatic synthesis of the GlcNAc-linked CTS. This saccharide is anticipated to be a starting material for further extension by a second GlcNAc, galactose, or mannose.
